(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(id EP 0 648 048 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
16.01.2002 Bulletin 2002/03 

(21) Application number: 94202851.5 

(22) Date of filing: 03.10.1994 



(51) mt ci 7: H04N 5/74, G03B 21/60 



(54) Reflecting image projection screen and image projection system comprising such a screen 

Reflektierender Bildprojektionsschirm und Bildprojektionsystem rnit einem solchen Schirm 

Ecran de projection d'image reflechissant et systeme de projection d'image comprenant un tel 6cran 



CD 
00 

o 

00 
CO 

o 

Q. 

LU 



(84) Designated Contracting States: 
DE DK FR GB IT 

(30) Priority: 06.10.1993 BE 9301042 

(43) Date of publication of application: 
12.04.1995 Bulletin 1995/15 

(73) Proprietor: Koninklijke Philips Electronics N.V. 
5621 BA Eindhoven (NL) 



(72) Inventor: De Vaan, Adrianus Johannes S. M. 
NL-5656 AA Eindhoven (NL) 

(74) Representative: Faessen, Louis Marie Hubertus 
INTERN ATIONAAL OCTROOIBUREAU B.V., Prof. 
Holstlaan 6 

5656 AA Eindhoven (NL) 



(56) References cited: 
EP-A- 0 295 913 



US-A- 2 380 241 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP0648 048B1 



2 



Description 

[0001] The invention relates to a reflecting image pro- 
jection screen comprising a polarizer and a reflecting 
layer for reflecting radiation which is incident on the re- 
flecting layer via the polarizer. 
[0002] The invention also relates to an image projec- 
tion system comprising such a reflecting image projec- 
tion screen. 

[0003] An image projection system having a reflecting 
image projection screen of the type described in the 
opening paragraph is known from EP-A-295913. The 
image projection screen described in this Application is 
a reflecting image projection screen and may be Imple- 
mented, for example as a metal screen. Since not only 
radiation supplied by the image projector, hereinafter re- 
ferred to as signal light, but also ambient light is incident 
on the image projection screen and is reflected by this 
screen into the audience room, the ambience of this 
screen is to be considerably darkened in order that an 
image which is rich in contrast can be observed. For this 
reason the side of the image projection screen facing 
the viewer is provided with a polarizer which absorbs 
substantially 50% of the ambient light. In this manner 
the reduction of contrast of the image due to ambient 
light is reduced. The illumination system of the image 
projector comprises a radiation source whose radiation 
is split into p and s-polarized radiation by a polarization- 
sensitive beam splitter. One of the two linearly polarized 
beams is incident on a liquid crystal element in which 
the direction of polarization of the beam is modulated in 
conformity with the image generated by the element 
Subsequently, the modulated radiation is projected in 
the form of an image on the image projection screen via 
a projection lens. Since the projected signal light is lin- 
early polarized in the direction of polarization of the 
screen polarizer, this light is substantially completely 
passed to the audience room by the polarizer on the 
screen after reflection on the reflecting layer. 
[0004] In the system described radiation incident on 
the image projection screen is reflected at an angle 
whose size is substantially equal, but opposite to the an- 
gle of Incidence. This is the case, inter alia, in image 
projection systems in which the image projector is se- 
cured, for example to the ceiling and in which the screen 
is a specularly reflecting screen, for example a metal 
screen. The radiation is then reflected towards the au- 
dience room which is at a lower level than the projection 
screen. 

[0005] Due to the required mutual positioning of the 
projector, the projection screen and the viewer(s), a met- 
al screen is applicable to a limited extent only. In practice 
it is generally desired to have more freedom in the po- 
sitions of said system components and the viewers. A 
frequent arrangement is the one in which, for example, 
a portable projector is placed at the viewers' eye level, 
while it is further desired that the projected image has a 
good quality from different positions, notably in the hor- 



izontal plane. 

[0006] It is an object of the invention to provide a novel 
type of image projection screen satisfying the above- 
mentioned requirements and in which contrast reduc- 
5 tion due to ambient light is obviated to a considerable 
extent. 

[0007] To this end the reflecting image projection 
screen according to the invention is characterized in that 
the reflecting layer is a depolarizing diffuser layer and 

10 ' in that the image projection screen includes a choles- 
teric filter between the polarizer and the reflecting layer 
and a X/4 plate between the polarizer and the cholesteric 
filter, the direction of polarization of the radiation from 
the cholesteric filter corresponding to the direction of po- 

15 larization of the polarizer after conversion by the A/4 
plate. 

[0008] A diffusely reflecting layer spreads the reflect- 
ed signal light over a large spatial angle so that an image 
having a good quality can be observed from different 
20 positions, while there is a great freedom in the mutual 
positioning of projector and projection screen. The re- 
flection through a large spatial angle may, however, lead 
to a reduction of the intensity of the signal light reflected 
towards the audience room. By making use of a diffusely 
25 reflecting layer, which also has a depolarizing effect, in 
combination with a cholesteric filter, a contrast which is 
at least as high as with a metal screen at the same am- 
bient light can be achieved in spite of the reflection 
through a large spatial angle, while the freedom in po- 
30 sition of the projector, the projection screen and the 
viewers has increased considerably. 
[0009] Depolarizing is herein understood to mean the 
at least partial conversion of radiation having a given 
state of polarization into unpolarized radiation, i.e. radi- 
os ation having different polarization components. 

[0010] Cholesteric fitters are optical filters having an 
optical layer of a liquid crystalline material with a chol- 
esteric order. This means that the molecules of the ma- 
terial are ordered to a helical or helix- like structure with 
to a pitch p. After such a material has been provided in the 
form of a thin, optically active layer between two parallel 
substrates, the helix-like structure is aligned in such a 
way that the axis of the helix will be transverse to the 
layer. The alignment of the helix can be improved by pro- 
45 viding an orientation layer on the facing surfaces of the 
substrates. 

[0011] The A/4 plate converts the linear polarization 
of the light into a circular polarization which is necessary 
for the cholesteric filter, and conversely. 

so [0012] When an unpolarized radiation beam, originat- 
ing from the depolarizing diffuser layer, is incident on 
such a filter, a circularly polarized radiation component 
having a direction of rotation (levorotatory or dextroro- 
tatory) corresponding to the direction of the molecular 

55 helix whose wavelength corresponds to the pitch p of 
the helix will be reflected. This state of polarization will 
be further referred to as the state of polarization which 
is unsuitable for the system. A circularly polarized com- 
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ponent having the opposite direction of rotation will be 
passed and reach the audience room via the A/4 plate 
and the polarizer. This state of polarization will be further 
referred to as the state of polarization which is suitable 
for the system. 5 
[0013] Consequently, light of the state of polarization 
which is unsuitable for the system is not absorbed but 
again reflected towards the depolarizing layer by the 
cholesteric filter. This light is subsequently depolarized 
by this layer and again sent to the cholesteric filter so 
that a part thereof acquires the state of polarization 
which is suitable for the system and can thus be passed 
on to the audience room via the cholesteric filter. The 
remaining part is again reflected by the filter towards the 
reflecting layerso that, due to the depolarization on said 
layer, again a part thereof is incident in the correct state 
of polarization on the cholesteric filter so as to be passed 
on to the audience room. Thus, for example, 80% of the 
light of the wavelength band for which the cholesteric 
filter is active can be brought to the desired state of po- 
larization. 

[0014] By providing a cholesteric filter in an image 
projection screen with a depolarizing reflecting layer and 
with a linear polarizer, a screen is obtained which has a 
high reflection for the direction of polarization supplied 
by the projector and which is substantially absorbing for 
the other direction of polarization. In this way the reflec- 
tion of the ambient light can be reduced considerably 
also for a projection screen having a diffusely reflecting 
layer, so that the contrast of the image may be at least 
as high as for a metal screen at the same ambient light. 
[0015] It is to be noted that it is known per se to use 
cholesteric filters as reflecting polarizers. Cholesteric fil- 
ters are known, for example from the article "Polarizing 
Color Filters made from Cholesteric LC Silicones'' by R. 
Maurer et al. in SID International Symposium 1990, Di- 
gest of Technical Papers, pp. 110-113. The cholesteric 
filters described in this article have an optically active 
layer comprising a liquid crystalline material with a chol- 
esteric order based on silicones. Said article by Maurer 
does not propose to combine the cholesteric filter with 
a depolarizing diffusely reflecting layer in order to sup- 
press disturbing unpolarized radiation. 
[0016] A preferred embodiment of the reflecting im- 
age projection screen according to the invention is char- 
acterized in that the reflecting layer is implemented as 
a beaded screen. 

[001 7] By implementing the reflecting layer as a bead- 
ed screen, the reflected radiation is concentrated in a 
limited lobe. In this way, the radiation presented to the 
filter is concentrated in a given angular area. Since the 
effectiveness of a cholesteric filter as a polarizer de- 
creases within a given wavelength band with an increas- 
ing angle of incidence of the radiation to be polarized, 
the use of a beaded screen has the result that it is suf- 
ficient to use a cholesteric filter with a smaller bandwidth 
so as to cover the same wavelength range. 
[0018] An embodiment of the reflecting image projec- 



tion screen according to the invention is characterized 
in that the cholesteric filter is active in at least an essen- 
tial part of the complete visible wavelength range. 
[0019] In this way the afore-mentioned efficiency of 
80% holds for the complete visible wavelength range. 
Moreover, the radiation passed by the cholesteric filter 
is suitable for illuminating both a monochrome and a 
color display panel. 

[0020] A first embodiment of the reflecting image pro- 
jection screen according to the invention having a wide- 
band cholesteric filter is characterized in that the chol- 
esteric fitter is composed of a plurality of layers of liquid 
crystalline material, each layer being active for a differ- 
ent wavelength band, which wavelength bands jointly 
cover substantially the visible wavelength range. 
[0021] A preferred embodiment of the reflecting im- 
age projection screen according to the invention having 
a wide-band cholesteric filter is characterized in that the 
cholesteric filter has a single layer of liquid crystalline 
polymer material, within which layer the pitch of the mo- 
lecular helix varies across the layer thickness between 
two values which correspond to the lower limit and the 
upper limit, respectively, of the wavelength band which 
is required to cover at least the complete visible wave- 
length range. 

[0022] This embodiment is based on the recognition 
that the pitch of the molecular helix can be continuously 
varied in a liquid crystalline polymer material having a 
cholesteric order. As described in EP-A-606940 in the 
name of the Applicant, the contents of which Application 
are herein incorporated by reference, it is possible to 
vary the pitch sufficiently within a single layer so that it 
is no longer necessary to stack a number of layers each 
being formed by a liquid crystalline material and having 
a different reflection band. By continuous variation of the 
pitch within a single layer, it is sufficient to use a layer 
thickness which is smaller than the total layer thickness 
required for stacking different layers so as to cover the 
same reflection band, so that a filter having a better op- 
tical quality can be obtained. In fact, the quality of such 
filters decreases relatively rapidly with an increasing 
number of layers due to errors which are typical of chol- 
esterics and due to loss of molecular order. Moreover, 
the viewing angle dependence of the filter increases 
with an increasing thickness. This means that the effec- 
tiveness of the filter decreases considerably at larger 
layer thicknesses for radiation which is incident at an 
angle which is larger than a given angle of incidence. 
[0023] An embodiment of the reflecting image projec- 
tion screen according to the invention having a wide- 
band cholesteric filter is characterized in that at least a 
plurality of layers of the cholesteric filter comprises a liq- 
uid crystalline polymer material, within which layers the 
pitch of the molecular helix varies across the layer thick- 
ness between two values which correspond to the lower 
limit and the upper limit, respectively, of the reflection 
band of the relevant layer. 

[0024] By varying the pitch of at least a number of lay- 
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ers, the reflection band of the relevant layers is in- 
creased. Consequently, it is sufficient to use a smaller 
number of layers so as to cover the complete visible 
wavelength range, so that the above-mentioned advan- 
tages of a smaller number of filter layers are also valid s 
in this case. This embodiment can be used, for example 
for cholesteric materials whose pitch of the helix within 
a single layer cannot be varied sufficiently to cover the 
desired wavelength range. Preferably, each layer is ac- 
tive in a different wavelength range so that the choles- 
teric filter may have a limited thickness. 
[0025] The invention also relates to an image projec- 
tion system comprising a reflecting image projection 
screen as described hereinbefore, and to a projectorfor 
projecting an image on the image projection screen, and 
is characterized in that the projection screen is a screen 
as described hereinbefore and in that the direction of 
polarization of the radiation supplied by the image pro- 
jector corresponds to the direction of polarization of the 
linear polarizer in the projection screen. 
[0026] An image projector is herein understood to 
mean a device which is provided with an image display 
system and optical means for projecting the image gen- 
erated by this system on an image projection screen. 
[0027] The image display system may be, for example 
a liquid crystal display panel (LCD) or may be constitut- 
ed by three liquid crystal display panels and a plurality 
of color-selective beam-splitting and beam-recombining 
elements. Such image display systems supply radiation 
having a defined direction of polarization. If this defined 
direction of polarization corresponds to the direction of 
polarization of the linear polarizer on the image projec- 
tion screen, which direction is in its turn coupled to the 
rotational direction of polarization of the cholesteric fil- 
ter, this radiation is passed undisturbed by the two po- 
larizers so that the intensity of the image does not de- 
crease. 

[0028] The image display system may also be consti- 
tuted by one or more cathode ray tubes coated with an 
electro-optical layer as described in United States Pat- 
ent US-A 4,127,322. 

[0029] The generated image may be a video image, 
a graphic image, data or a combination thereof. 
[0030] An embodiment of the image projection sys- 
tem according to the invention is characterized in that 
an adjustable polarization rotator is arranged in the light 
path between the illumination system and the image 
projection screen. 

[0031] By adding such an adjustable polarization ro- 
tator, the direction of polarization supplied by the pro- 
jector can be adapted to that- of the polarizer in the re- 
flecting image projection screen so that the light efficien- 
cy of the image projection can be increased considera- 
bly. 

[0032] A suitable embodiment of the image projection 
screen according to the invention is characterized in that 
the adjustable polarization rotator comprises a first and 
a second A/4 plate, the first A/4 plate being oriented at 



an angle of 45° with respect to the direction of polariza- 
tion of the light beam supplied by the projector and the 
second A/4 plate being rotatable so as to adapt the di- 
rection of polarization supplied by the image projector 
to the direction of polarization of the reflecting image 
projection screen. 

[0033] The first A/4 plate converts the linearly polar- 
ized radiation from the image display system into circu- 
larly polarized radiation. This circularly polarized radia- 
tion is subsequently converted by the second A/4 plate 
into linearly polarized radiation whose direction of polar- 
ization is adapted to the direction of polarization of the 
screen. When a color image projection system is used, 
the A/4 plates are preferably achromatic. 
[0034] When the image display system operates with 
circularly polarized light instead of linearly polarized 
light, the first A/4 plate may alternatively be arranged 
between the beam splitter and the image display panel 
instead of behind the image display panel. 
[0035] These and other aspects of the invention will 
be apparent from and elucidated with reference to the 
embodiments described hereinafter. 
[0036] In the drawings 

Fig. 1 shows an embodiment of a reflecting image 
projection screen according to the invention, 
Fig. 2 shows an embodiment of an image projection 
system with an image display system supplying po- 
larized radiation and a reflecting image projection 
screen according to the invention, and 
Fig. 3 shows the rotation of the direction of polari- 
zation by means of two achromatic A/4 plates. 

[0037] Fig. 1 shows diagrammatically a reflecting im- 
age projection screen 1 having a front side 3 and a rear 
side 5 for reflecting light incident on the front side 3 to- 
wards an audience room 7. However, the radiation inci- 
dent on the projection screen does not only consist of 
radiation coming from an image projector, which radia- 
tion is further referred to as signal light, but also of am- 
bient light. A major part of this ambient light is also re- 
flected by the image projection screens to the audience 
room, resulting in a considerable reduction of contrast 
of the image. In order that an image which is sufficiently 
rich in contrast can be observed, the audience room is 
to be darkened considerably. 

[0038] Moreover, image projection systems using a 
metal screen are preferably suitable for arrangements 
where the image projector is secured to the ceiling. The 
radiation beam from the projector is reflected by the 
screen towards the audience room at substantially 
equal but opposite angles, which audience room is lo- 
cated at a lower level than the screen. For, for example, 
portable systems, with the viewer and the projector be- 
ing at approximately the same level, it is relatively cum- 
bersome to project the image at a position suitable for 
the viewer when systems with a metal screen are used. 
[0039] With an image projection screen according to 
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the present invention the light is reflected at a large spa- 
tial angle into the audience room, so that the freedom 
of the mutual position of the projector, the projection 
screen and the viewer has increased considerably. 
Moreover, a contrast which is at least as high as with a 5 
metal screen is achieved with the same ambient light. 
[0040] Starting from the front side 3, the image pro- 
jection screen 1 is therefore composed of a first, linear 
polarizer 9, a X/4 plate 11 , a second polarizer 13 in the 
f onm of a cholesteric filter and a reflecting layer 1 5 which 
also operates as a depolarizing diffuser layer. This 
means that polarized radiation incident on this layer 15 
is not only diffusely reflected but is also at least partly 
converted into unpolarized radiation, in other words, into 
radiation having different polarization components. The 
above-mentioned components 9, 11 , 13 and 15 are ar- 
ranged on a support 4. 

[0041 ] When such an image projection screen is irra- 
diated by signal light having a defined direction of po- 
larization which corresponds to the direction of polari- 
zation of the linear polarizer 9, the polarizer 9 will pass 
substantially 90% of this signal light, while substantially 
50% of the unpolarized ambient light will be absorbed. 
Subsequently, the linearly polarized light consisting of 
signal light and ambient light leaving the polarizer 9 is 
incident on a A/4 plate 11 which converts the linearly po- 
larized light into circularly polarized radiation, for exam- 
ple dextrorotatory radiation . The subsequent cholesteric 
filter 13 is transparent to this light and passes the dex- 
trorotatory circularly polarized radiation component to 
the reflecting layer 15. The radiation is not only diffusely 
reflected but also depolarized on this layer 15. In other 
words, the dextrorotatory circularly polarized radiation 
is converted into radiation having dextrorotatory and lev- 
orotatory circularly polarized radiation components. The 
dextrorotatory component thereof is passed by the chol- 
esteric filter 13, while the levorotatory component is re- 
flected again by the filter 1 3 to the reflecting layer 1 5 so 
as to be depolarized, reflected and partly passed again 
by the filter. Since the light is also depolarized upon re- 
flection on the screen and since the screen is provided 
with a cholesteric filter, a possible reduction of intensity 
due to the diffuse reflection is amply compensated for. 
Due to the repeated process of reflections and depolari- 
zation within the screen, a high percentage, for example 
80% of the signal light incident on the screen is reflected 
towards the audience room. 

[0042] It is true that the same percentage of the am- 
bient light incident on the projection screen and passing 
through the polarizer 3 is reflected to the audience room, 
but since this light is only half that of the total ambient 
light, only 40% of the ambient light incident on the 
screen is reflected. 

[0043] The known cholesteric filters are only active as 
reflecting polarizers within a relatively limited wave- 
length band, for example 50 nm. Radiation having a 
wavelength outside this wavelength band is passed un- 
polarized, which means that the filter operates as a po- 



larizer only in a given wavelength range. Forcolor image 
projection systems it is, however, desirable that the chol- 
esteric filter can convert the state of polarization for the 
complete visible wavelength range whose wavelength 
bandwidth is, for example 380 nm. 
[0044] The width of the wavelength band AX is given 
by AX = A<)An/n in which An = n e - n 0 is the double re- 
fraction, while n e and n 0 are the extraordinary and ordi- 
nary refractive index, respectively, and n = (n e + n 0 )/2 
is the average refractive index. Xq is the central wave- 
length of the selective reflection band at perpendicular 
incidence of the radiation and is given by 

Xo = np - — - p, 

in which p is the pitch of the molecular helix of the filter. 
The effectiveness of a cholesteric filter as a polarizer 
decreases with an increasing angle of incidence of the 
radiation to be polarized, in other words, a cholesteric 
filter is viewing angle-dependent. In fact, if the angle of 
incidence is changed, there is a shift of the reflection 
band. The effectiveness also decreases with an increas- 
ing thickness of the filter. 

[0045] A cholesteric filter which is active in the com- 
plete visible wavelength range can be realised in differ- 
ent manners. 

[0046] A first possibility is to stack a plurality of nar- 
row-band cholesteric layers each having a different re- 
flection band. The composite filter then has a total re- 
flection band width which is equal to the sum of the re- 
flection bandwidths of the individual layers. 
[0047] Due to the scattering effect of the reflecting lay- 
er 13, the radiation incident on this layer is scattered 
through an angular range of substantially 1 80°. As a re- 
sult, the reflection band of the cholesteric filter required 
for the visible wavelength range is to be increased by a 
fictitious wavelength band so as to be effective for large 
angles of incidence as well. The shift of the reflection 
band as a function of the angle of incidence is, for ex- 
ample 2 nm per degree. 

[0048] To be able to operate as a polarizer in the com- 
plete visible wavelength range, while allowing for the 
shift of the reflection band of the cholesteric filter due to 
the viewing angle dependence, the total reflection band 
should be [380 nm + (180° x 2 nm/ 0 )] = 740 nm. Since 
the width of the reflection band is 50 nm on average for 
a known cholesteric layer, a conventional stacked filter 
should have - 15 layers. 

[0049] A second possibility is to manufacture the chol- 
esteric filter from a single layer of liquid crystalline pol- 
ymer material, in which the pitch p of the molecular helix 
varies across the layer thickness between a lower limit 
and an upper limit so that the resultant reflection band- 
width corresponds to the bandwidth which is required 
for the filter to be operative in the complete visible wave- 
length range. As compared with a stacked filter, a single- 
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layer filter has the advantage of a better optical quality. 
In fact, when stacking layers, the optical quality decreas- 
es with an increasing number of layers due to the pres- 
ence of errors in the cholesterics and due to the loss of 
a planar molecular order. Moreover, the viewing angle 5 
dependence increases with an increasing thickness. 
This means that the effectiveness of the filter decreases 
considerably at larger layer thicknesses for radiation 
which is incident at an angle which is larger than a given 
angle of incidence. In order that a cholesteric layer hav- 
ing a reflection bandwidth of 50 nm should have a po- 
larizing effect, the layer should have a minimum thick- 
ness of 5 urn . Consequently, this yields a minimum thick- 
ness of 75 nm for a filter which Is stacked with fifteen 
narrow-band layers. 

[0050] For a single-layer cholesteric filter having a 
varying pitch a layer thickness of 20 \xm is sufficient for 
this filter to be effective as a polarizer, which enhances 
the effectiveness of the filter. A method of manufacturing 
a single-layer cholesteric filter having a pitch varying 
across the layer thickness is described in the previously 
mentioned EP-A-606940. 

[0051] An embodiment of the cholesteric filter having 
a better optical quality and a viewing angle which is less 
dependent than that of a cholesteric filter comprising a 
relatively large number of narrow-band layers with a 
constant helix pitch, is a cholesteric filter manufactured 
from a smaller number of layers in which the pitch p of 
the molecular helix varies across the layer thickness in 
at least a number of these layers. The reflection band- 
width of the relevant layers may be increased to, for ex- 
ample 150 nm. In that case the number of layers re- 
quired for the visible wavelength range can be reduced 
from 15 to 5. 

[0052] By implementing the reflecting layer 15 as a 
beaded screen, the radiation is concentrated in a lobe. 
As a result, the radiation is presented to the filter within 
a limited spatial angle, which leads to a reduction of the 
total reflection band of the cholesteric filter. This will be 
illustrated with reference to a numerical example. For, 
for example an image projection screen having a diag- 
onal of 1 m at a projection distance of 4 m, the maximum 
angle of incidence is given by arc tan 1/4 = 14°. This 
means that the number of layers which is sufficient to 
cover the complete visible wavelength range is given by 
[380 nm + (14° x 2nm/°)]/50 nm 8 layers instead of the 
above-mentioned fifteen layers for layers having a nar- 
row reflection band, and by [380 nm + (14° x 2 nm/°)]/ 
150 nm = 3 layers instead of five layers for layers having 
a larger reflection band. For a single-layer filter having 
a varying pitch, the lower-limit and upper-limit values of 
the pitch p will be closer together due to the use of a 
retroreflective layer. 

[0053] The image projection system 17 shown dia- 
grammatically in Fig. 2 comprises a reflecting image 
projection screen 1 as described hereinbefore and an 
image projector 19 which emits a light beam having a 
defined direction of polarization for projecting an image 



on the projection screen 1 . The image projector 1 9 com- 
prises an illumination system 21 , an image display sys- 
tem 26 and a projection lens system 23 which, for the 
sake of simplicity, is represented by a single projection 
lens. The image display system 26 has, for example an 
image display panel which may be implemented, for ex- 
ample as a liquid-crystal panel constituted by a layer of 
liquid crystalline material enclosed between two trans- 
parent plates. Such panels, whose operation is based 
on changing or not changing, dependent on the image 
to be displayed, of the state of polarization of the radia- 
tion passing through these panels, should be irradiated 
with radiation having a defined state of polarization. To 
this end the unpolarized radiation 27 which is emitted 
by the radiation source 25 and concentrated by a con- 
densor lens system 24, is split, for example by a polar- 
ization-sensitive beam splitter 29, into two mutually per- 
pendicularly polarized components 31 and 33, of which, 
for example the p-polarized beam 31 is incident on the 
image display panel 26. 

[0054] If a monochromatic image is to be projected, 
the image display system has only one liquid-crystal 
panel. 

[0055] If the image projection system is a color image 
projection system, the image display system 26 may 
comprise, for example three liquid-crystal panels, one 
for each of the primary colors of red, green and blue, 
and also a number of dichroic mirrors which split the 
beam into a red, a green and a blue beam each being 
incident on an associated panel. The beams passing 
through these panels are combined by a further set of 
dichroic mirrors to one beam which is incident on the 
projection lens system. 

[0056] A color image projection system may also be 
implemented with one liquid-crystal panel only. In that 
case, use can be made of a pattern of color filters ar- 
ranged in front of the image elements, as described in 
United States Patent US-A 5,029,986. 
[0057] An active-drive or a passive-drive image dis- 
play panel can be used. Both types of direct-drive image 
display panels are described in , for example European 
Patent Application EP 0 266 184. 
[0058] The image generated by means of the image 
display system 26 is subsequently magnified by the pro- 
jection lens system 23 and imaged on the projection 
screen 1 . 

[0059] Instead of using a polarization-sensitive beam 
splitter, as shown in Fig. 2, with substantially 50% of the 
radiation emitted by the radiation source being lost, a 
special composite prism as described in United States 
Patent US-A 5,184,248 is preferably used. The prism 
described in this Patent is constituted by two prisms, for 
example of glass with a birefringent layer in between, 
for example of liquid crystalline material. For a more de- 
tailed description of the beam splitter reference is made 
to said United States Patent. When such a beam splitter 
is used, the two polarization components of the source 
light are used for illuminating the image display panel. 
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[0G60J Since the direction of polarization of image pro- 
jection screens is not standardized, it is desirable to 
have a facility of rotating the direction of polarization of 
the linearly polarized radiation from the projector 19 be- 
fore the radiation reaches the image projection screen 
1 by arranging an adjustable polarization rotator, for ex- 
ample comprising two A/4 plates arranged one behind 
the other in the light path of the linearly polarized light. 
The second plate is rotatable so as to adapt the direction 
of polarization of the projection beam to the direction of 
polarization of the polarizer on the image projection 
screen. This conversion of the state of polarization is 
illustrated in Fig. 3. From a first A/4 plate 35 which is 
arranged, for example in the light path between the im- 
age display system 26 and the projection lens, the di- 
rection of polarization extends at an angle of 45° to the 
incident direction of polarization P ln . X is the central 
wavelength of the radiation beam. This A/4 plate 35 con- 
verts the linearly polarized radiation into circularly po- 
larized radiation. Subsequently, the circularly polarized 
radiation is incident on a second A/4 plate 37 which is 
arranged, for example along the outer side of the pro- 
jector in front of or on the projection lens. The radiation 
is again linearly polarized by this A/4 plate 37. By varying 
the orientation <p r of the second A/4 plate 37 with respect 
to the incident direction of polarization P^, the direction 
of polarization P out of the exiting beam can be adjusted. 
In this way the direction of polarization of the projection 
beam can be adapted to the direction of polarization of 
the image projection screen. 

[0061] Since it is optionally possible to arrange the 
two A/4 plates 35 and 37, they are shown in broken lines 
in Fig. 2. 

[0062] In the present-day image display systems, 
LCD panels are preferably used which, dependent on 
the energization of a given pixel, convert linearly polar- 
ized radiation having a given direction of polarization in- 
to linearly polarized radiation having a second direction 
of polarization perpendicular to the first direction of po- 
larization. If the LCD panel operates with circularly po- 
larized radiation, the second A/4 plate can be arranged 
between the beam splitter 29 and the image display sys- 
tem 26. The direction of polarization is then adapted be- 
fore the radiation beam is modulated by the LCD panel. 
[0063] If a color image is projected, the A/4 plates 1 1 , 
35 and 37 should be active as polarization rotators in 
the complete visible wavelength range. Such wide-band 
A/4 plates are known perse and are described, for ex- 
ample in the publication: "Retardation Film for 
STN-LCDs 'NRF'" by the firm of Nitto Denko in SID '92 
Exhibit Guide, Society for Information Display, May 
17-22, 1992, Boston, Massachusetts, USA. 
[0064] A wide-band A/4 plate is a transparent element 
which is composed of, for example a plurality of layers 
and rotates the phase in a beam for all wavelengths (A) 
in the visible wavelength range to such an extent that 
circularly polarized radiation is converted into linearly 
polarized radiation, or conversely. 



Claims 

1 . A reflecting image projection screen (1) comprising 
a polarizer (9) and a reflecting layer (15) for reflect- 

s ing radiation which is incident on the reflecting layer 
via the polarizer, characterized in that the reflect- 
ing layer is a depolarizing diffuser layer and in that 
the image projection screen includes a cholesteric 
filter (13), between the polarizer and the reflecting 

io layer and a A/4 plate (11) between the polarizer and 
the cholesteric filter, the direction of polarization of 
the radiation from the cholesteric filter correspond- 
ing to the direction of polarization of the polarizer 
after conversion by the A/4 plate. 

15 

2. A reflecting image projection screen as claimed in 
Claim 1 , characterized in that the reflecting layer 
(15) is implemented as a beaded screen. 

20 3. A reflecting image projection screen as claimed in 
Claim 1 or 2, characterized in that the cholesteric 
filter (1 3) is active in at least an essential part of the 
complete visible wavelength range. 

25 4. A reflecting image projection screen as claimed in 
Claim 3, characterized in that the cholesteric filter 
(13) is composed of a plurality of layers of liquid 
crystalline material, each layer being active for a dif- 
ferent wavelength band, which wavelength bands 

30 jointly cover substantially the visible wavelength 
range. 

5. A reflecting image projection screen as claimed in 
Claim 3, characterized in that the cholesteric filter 

35 (13) has a single layer of liquid crystalline polymer 
material, within which layer the pitch of the molec- 
ular helix varies across the layer thickness between 
two values which correspond to the lower limit and 
the upper limit, respectively, of the wavelength band 

40 which is required to cover at least the complete vis- 
ible wavelength range. 

6. A reflecting image projection screen as claimed in 
Claim 4, characterized In that at least a plurality 

45 of layers of the cholesteric filter (13) comprises a 
liquid crystalline polymer material, within which lay- 
ers the pitch of the molecular helix varies across the 
layer thickness between two values which corre- 
spond to the lower limit and the upper limit, respec- 

so tively, of the reflection band of the relevant layer. 

7. An image projection system (1 7) comprising an im- 
age projector (19) provided with an image display 
system (26) for modulating a radiation beam in con- 

55 formity with the generated image and a reflecting 
image projection screen (1), characterized in that 
the projection screen is a screen as claimed in any 
one of the preceding Claims and in that the direc- 
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tion of polarization of the radiation supplied by the 
image projector corresponds to the direction of po- 
larization of the linear polarizer in the projection 
screen. 

8. An image projection system (17) as claimed in 
Claim 7, characterized in that an adjustable polar* 
ization rotator (35,37) is arranged in the light path 
between the illumination system and the image pro- 
jection screen. 

9. An image projection system (17) as claimed in 
Claim 8, characterized in that the adjustable po- 
larization rotator (35,37) comprises a first and a sec- 
ond A/4 plate, the first A/4 plate (35) being oriented 
at an angle of 45° with respect to the direction of 
polarization of the light beam supplied by the pro- 
jector and the second A/4 plate (37) being rotatable 
so as to adapt the direction of polarization supplied 
by the image projector to the direction of polariza- 
tion of the reflecting image projection screen. 



PatentansprOche 

1. Reflektierender Bildprojektionsschirm (1) miteinem 
Polarisator (9) und einer reflektierenden Schicht 
(15) zum Reflektieren von Strahlung, die uber den 
Polarisator auf die reflektierende Schicht einfallt, 
dadurch gekennzeichnet, dass die reflektierende 
Schicht eine entpolarisierende Zerstreuungs- 
schicht ist und dass der Bildprojektionsschirm ein 
cholesterisches Filter (13) zwischen dem Polarisa- 
tor und der reflektierenden Schicht und ein W 
4-Plattchen (1 1 ) zwischen dem Polarisator und dem 
cholesterischen Filter enthalt, wobei die Polarisati- 
onsrichtung der von dem cholesterischen Filter 
kommenden Strahlung nach Umwandlung durch 
das A/4-Plattchen der Polarisationsrichtung des Po- 
larisators entspricht 

2. Reflektierender Bildprojektionsschirm nach An- 
spruch 1 , dadurch gekennzeichnet, dass die re- 
flektierende Schicht (15) als Kristallperlwand aus- 
gefuhrt ist. 

3. Reflektierender Bildprojektionsschirm nach An- 
spruch 1 oder 2, dadurch gekennzeichnet, dass 

das cholesterische Filter (13) in zumindest einem 
wesentlichen Teil des vollstandigen sichtbaren Wel- 
lenlangenbereiches aktiv ist. 

4. Reflektierender Bildprojektionsschirm nach An- 
spruch 3, dadurch gekennzeichnet, dass das 
cholesterische Filter (13) aus einer Vielzahl von 
Schichten aus flussigkristallinem Material zusam- 
mengesetzt ist, wobei jede Schicht fur ein anderes 
Wellenlangenband aktiv ist, wobei die Wellenlan- 



genbander gemeinsam nahezu den sichtbaren 
Wellenlangenbereich abdecken. 

5. Reflektierender Bildprojektionsschirm nach An- 
5 spruch 3, dadurch gekennzeichnet , dass das 
cholesterische Filter (1 3) eine einzelne Schicht aus 
flussigkristallinem Polymermaterial aufweist, inner- 
haib welcher Schicht sich die Steigung der moleku- 
laren Helix uber die Schichtdicke zwischen zwei 
10 Werten andert, die der Untergrenze bzw. der Ober- 
grenze des Wellenlangenbandes entsprechen, das 
notwendig ist, urn zumindest den vollstandigen 
sichtbaren Wellenlangenbereich abzudecken. 

15 6. Reflektierender Bildprojektionsschirm nach An- 
spruch 4, dadurch gekennzeichnet , dass zumin- 
dest eine Vielzahl von Schichten des cholesteri- 
schen Filters (13) ein flussigkristal lines Polymerma- 
terial umfasst, innerhalb welcher Schichten sich die 

20 Steigung der molekularen Helix uber die Schicht- 
dicke zwischen zwei Werten andert, die der Unter- 
grenze bzw. der Obergrenze des Reflexionsbandes 
der betreffenden Schicht entsprechen. 

25 7. Bildprojektionssystem (17) mit einem Bildprojektor 
(19), der mit einem Bildwiedergabesystem (26) zum 
Modulieren eines Strahlungsbundels gemaft dem 
erzeugten Bild und einem reflektierenden Bildpro- 
jektionsschirm (1) versehen ist, dadurch gekenn- 

30 zeichnet, dass der Projektionsschirm ein Schirm 
nach einem der vorhergehenden Anspruche ist und 
dass die Polarisationsrichtung der von dem Bildpro- 
jektor gelieferten Strahlung der Polarisationsrich- 
tung des linearen Polarisators in dem Projektions- 

35 schirm entspricht. 

8. Bildprojektionssystem (17) nach Anspruch 7, da- 
durch gekennzeichnet, dass ein einstellbares Po- 
larisationsdrehglied (35, 37) im Lichtweg zwischen 

40 dem Beleuchtungssystem und dem Bildprojektions- 
schirm angeordnet ist. 

9. Bildprojektionssystem (17) nach Anspruch 8, da- 
durch gekennzeichnet, dass das einstelibare Po- 

45 larisationsdrehglied (35, 37) ein erstes und ein 
zweites A/4-Plattchen umfasst, wobei das erste A/ 
4-Plattchen (35) unter einem Winkel von 45° in Be- 
zug auf die Polarisationsrichtung des von Projektor 
gelieferten Lichtbundels orientiert ist und das zwei- 

50 te A/4-Plattchen (37) drehbar ist, urn die vom Bild- 
projektor gelieferte Polarisationsrichtung an die Po- 
larisationsrichtung des reflektierenden Bildprojekti- 
onsschirms anzupassen. 

55 

Revendications 

1 . Ecran de projection d'image reflechissant (1 ) com- 
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portant un polariseur (9) et une couche reflechis- 
sante (15) pour ref lech irdu rayonnementquitombe 
sur la couche ref lech issante par I'intermtdiaire du 
polariseur, caracterise en ce que la couche refle- 
chissante est une couche diffusante de depolarisa- 
tion et en ce que I'ecran de projection d'image ren- 
terme un filtre cholesterique (1 3) entre le polariseur 
et la couche ref lech issante et une plaque A/4 (11) 
entre le polariseur et le filtre cholesterique, ie sens 
de polarisation du rayonnement en provenance du 
filtre cholesterique correspondant au sens de pola- 
risation du polariseur apres conversion par la pla- 
que A/4. 

2. Ecran de projection d'image refiechissant selon la 
revendication 1 , caracterise en ce que la couche 
reflechissante (15) est executee comme un ecran 
perle. 

3. Ecran de projection d'image refiechissant selon la 
revendication 1 ou 2, caracterise en ceque le filtre 
cholesterique (13) est actif dans au moins une par- 
tie essentielle de la gamme de longueurs d'onde vi- 
sible complete. 

4. Ecran de projection d'image refiechissant selon la 
revendication 3, caracterise en ce que le filtre cho- 
lesterique (13) est compose d'une pluralite de cou- 
ches constitutes de materiau a cristaux liquides, 
chaque couche etant active pour une bande de lon- 
gueur d'onde difterente, lesdites bandes de lon- 
gueur d'onde couvrant ensemble sensiblement la 
gamme de longueurs d'onde visible. 

5. Ecran de projection d'image refiechissant selon la 
revendication 3, caracterise en ce que le filtre cho- 
lesterique (13) presente une couche unique consti- 
tute de materiau polymere a cristaux liquides, cou- 
che dans laquelle le pas de I'htlice moleculaire va- 
rie a travers I'epaisseur de couche entre deux va- 
leurs qui correspondent a la limite inf erieure respec- 
tivement a la limite superieure de la bande de lon- 
gueur d'onde qui est necessaire a couvrir au moins 
la gamme de longueurs d'onde visible complete. 

6. Ecran de projection d'image refiechissant selon la 
revendication 4, caracterise en ce qu'au moins 
une pluralite de couches du filtre cholesterique (13) 
comporte un materiau polymere a cristaux liquides, 
couches dans lesquelles le pas de i'helice molecu- 
laire varie a travers I'epaisseur de couche entre 
deux valeurs qui correspondent a la limite inftrieure 
respectivement a la limite suptrieure de la bande 
de reflexion de la couche concernee. 

7. Systeme de projection d'image (1 7) comportant un 
projecteur d'image (19) qui est pourvu d'un systeme 
d'affichage d'image (26) pour moduler un faisceau 



de rayonnement en conformite avec I'image gene- 
ree et un ecran de projection d'image refiechissant 
(1), caracterise en ce que I'ecran de projection est 
un ecran selon I'une quelconque des revendica- 
5 tions prectdentes 1 a 6 et en ce que le sens de 
polarisation du rayonnement qui est dtlivre par le 
projecteur d'image correspond au sens de polarisa- 
tion du polariseur lineaire dans I'ecran de projec- 
tion. 

10 

8. Systeme de projection d'image (1 7) selon la reven- 
dication 7, caracterise en ce qu'un rotateur de po- 
larisation ajustabie (35, 37) est dispose dans le tra- 
jet de lumiere entre le systeme d'eclairage et I'ecran 

15 de projection d'image. 

9. Systeme de projection d'image selon la revendica- 
tion 8, caracterise en ce que le rotateur de polari- 
sation ajustabie (35, 37) comporte des premiere et 

20 deuxieme plaques A/4, la premiere plaque A/4 (35) 
ttant orientee sous un angle egal a 45* par rapport 
au sens de polarisation du faisceau lumineux qui 
est delivte par le projecteur et la deuxieme plaque 
A/4 (37) etant rotative de maniere a adapter le sens 

25 de polarisation qui est delivre par le projecteur 
d'image au sens de polarisation de I'ecran de pro- 
jection d'image refiechissant. 
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